Introduction
According to The Joint United Nations Programme on HIV and AIDS (UNAIDS), 5.7 million people aged ≥50 years were living with HIV in 2015, a phenomenon that increased steadily since 1995.
1 Sub-Saharan Africa (SSA) represents the region with the largest absolute number of older people living with HIV (PLHIV; 3.7 million). 1 With the scaling up of antiretroviral therapy (ART), the efficacy of the last generation drugs, and the longer term follow-up in care, the life expectancy of the PLHIV has increased, and HIV disease is now considered as a chronic disease in most settings. Adding to this increased longevity pattern, new HIV diagnoses are raising among older adults as well.
Older African patients seem to have less knowledge and understanding of HIV infection and treatment in comparison with their younger counterparts. 2 They are also submit your manuscript | www.dovepress.com
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Bernard et al often stigmatized and their conditions neglected. This could negatively impact their response to ART and their retention in care programs. Older patients present more advanced disease at ART initiation 3 and have a poorer immunological response after 12 months of ART. 4 They are also at higher risk of developing age-associated noncommunicable diseases, such as cardiovascular diseases, neurocognitive disorders, and frailty. 5, 6 Older PLHIV might thus be at greater risk of adverse ART outcomes and non-AIDS severe morbidity. Studying the longterm effect of age on mortality and lost to follow-up (LTFU) is essential in the current era of universal ART to document whether tailored HIV care management is needed in SSA.
Age effects on mortality and LTFU have indeed been less investigated, particularly in West Africa, than elsewhere in SSA. The majority of the data presented PLHIV aged ≥50 years as a unique group but the effect of age might not be linear and might impact the HIV outcomes in the oldest more severely. The main objective of this study was to evaluate the effect of age on mortality and LTFU during the first 36 months after starting ART, among PLHIV older patients living in West Africa considering in two separate groups, PLHIV aged 50-59 years and PLHIV aged ≥60 years old and in comparison to younger patients.
Materials and methods
Study design
Data collected between 2006 and 2016 within the International Epidemiological Databases to Evaluate AIDS (IeDEA) West Africa Collaboration of the US National Institutes of Health (https://www.iedea.org/regions/west-africa/) were analyzed. 7 Since 2006, a network of adult and pediatric HIV clinics has been established in West Africa as part of the global IeDEA Collaboration. The aim of this multicenter collaboration is to get a fair description of the care and treatment patterns and their trends over time, collecting routine information on demographics, clinical, biological, and therapeutic skills. It currently involves 17 adult and 11 pediatric HIV/AIDS clinics spread over ten countries in West Africa: Benin, Burkina Faso, Cote d'Ivoire, Ghana, Guinea, Guinea Bissau, Mali, Nigeria, Senegal, and Togo. For this study, we conducted a multicenter, retrospective cohort analysis involving data from all the adult sites (except Ghana). All these centers participated on a voluntary basis.
Eligible patients were ART-naïve PLHIV-1 adults aged ≥16 years who initiated ART, and attended ≥2 clinic visits. Patients were excluded if the date of birth and the gender were not documented.
Study definitions
Mortality and LTFU were the primary outcomes. Mortality was defined as the number of deaths that occurred during that period. Death was recorded through reports by clinic staff, relatives, peers, or friends. LTFU was defined as no contact within 6 months before the cohort closure date and no knowledge of death or transfer. The database closing date corresponds to the date of the most recent follow-up visit.
For each patient, we documented the following: the CD4 cell count (cells by microliter) at ART initiation, the initial clinical stage using Centers for Disease Control and Prevention (CDC) or WHO definitions depending on the study sites (A/B/C or I/II/III/IV disease stages, respectively), the initial hemoglobin (Hb; low when <7.5 g/dL), and the body mass index (BMI; low when <18 kg/m² and high when ≥25 kg/m²). The first-line ART regimen was also documented.
Statistical analysis
The effect of age at ART initiation on mortality and LTFU was investigated by dividing age into five age groups: 16-29, 30-39, 40-49, 50-59, and ≥60 years. The characteristics of the sample were described using median and interquartile range (IQR) for continuous variables and proportions for categorical variables according to age groups. Kaplan-Meier plots were produced by age groups to evaluate mortality and LTFU probabilities in the first 36 months after ART initiation, and compared using log-rank tests. To evaluate the risk of death after ART initiation, subjects who were LTFU were censored at the time of their last visit. Multivariable Cox proportional hazard regression analyses were performed to study the effect of age on mortality and LTFU as a predictor adjusted for the following baseline variables: clinical stage, Hb level, CD4 cell count and BMI, as well as year of ART initiation. HRs were reported with their 95% CI. Statistical analyses were computed using SAS software 9.2 (SAS Institute Inc., Cary, NC, USA).
The IeDEA cohort's protocol has been approved by the national ethic committee of each participating country. All the patients gave their written consent or fingerprint if illiterate before being included in the cohort.
Results
Patients' characteristics
The vast majority (94%) of the ART-naïve PLHIV in the IeDEA West Africa database were available for this analysis ( Figure S1 ). Patients' characteristics at ART initiation are presented by age groups in 
Age effect on mortality and lTFU probabilities
The median follow-up time was 37.2 months [IQR: 10.7-79.1]. In the first 36 months after ART initiation, 4,302 (5.9%) of the patients had died, and 34,742 (47.3%) were LTFU. Significant differences were observed according to age groups (P<0.0001 for both outcomes). Patients aged ≥60 years old and 50-59 years old showed the highest risk of death in the first year on ART: 5.55% (4.50-6.84) and 4.5% (4.05-5.11), respectively. Then, the risk of death increased at 8% (6.67-9.60) and 6.21% (5.61-6.88) at 24 months, 9.06% (7.59-10.79) and 7.43% (6.75-8.18) at 36 months, respectively (Figure 1 ). For the other age groups, the risk of death remained under 6%.
The oldest (≥60 years old) presented the highest LTFU probability: 21.56% (19.63-23 .65) at 12 months, 29.61% (27.38-31 .98) at 24 months, and 36.74% (34.28-39.31 ) at 36 months. Patients between 50 and 59 years old presented an LTFU probability comparable to the middle-aged patients (about 30% at 36 months; Figure 2 ).
Predictors of mortality and lTFU
Multivariable Cox analyses for mortality and LTFU are presented in Tables 2 and 3 Patients followed in facilities with large active lists of patients (1,000 and more) are less likely to die than those followed in smaller facilities (<500; aHR=0 .86; 95% CI: 0.77-0.97). Concerning LTFU, middle-aged patients and patients between 50 and 59 years old were less likely to be LTFU after ART initiation than those in the 16-29 age group (aHR=0.78; 95% CI: 0.74-0.82 for 50-59 years old patients). Patients aged >60 years experienced comparable risks of LTFU than the 16-29 years age group (HR=0.97; 95% CI: 0.88-1.06). Also, male gender, advanced HIV disease, an initial CD4 cell count <100/mm 3 , an initial Hb <12 g/dL (particularly when Hb <7.5 g/dL), or a BMI <18 kg/m 2 were all associated with an increased risk of being LTFU (all P<0.0001). Patients initiating ART after 2011 were more likely to be LTFU than those initiating ART before 2007 (HR=1.63; 95% CI: 1.57-1.69, reference group ART initiation <2007). Patients followed in facilities with large active list of patients (1,000 and more) are less likely to be LTFU than those followed in smaller facilities (<500; aHR=0.71; 95% CI: 0.68-0.74, ref: <500). Performing separate Cox models in the ≥60 years groups, we observed that HIV outcomes (disease stages and CD4 level) and the year of ART initiation are the main factors associated with LTFU. For the 50-59 years group, the results are similar (except for disease stages) whereas for the <30 years group, HIV outcomes seem not to be as relevant (year of ART initiation, hemoglobin, and BMI; Tables S1-S3).
Discussion
Being ≥50 years at ART initiation was associated with an increased risk of death, and the excess risk was even stronger for ≥60 years. Patients aged ≥60 years old also presented a trend of higher risk of being LTFU in comparison with the other age groups. Beside age, being male and having poorer clinical conditions at ART initiation (advanced disease stage, lower CD4 count, lower Hb level, and low BMI) were also associated with these adverse outcomes; particularly for the 
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Aging and HIV outcomes in West Africa oldest group, HIV outcomes seem to be the most specific factors associated with LTFU compared with other groups (<30 and 50-59 years groups).
The comparison of mortality patterns by age across studies remains difficult due to the use of different age categories as an explanatory variable. Our results are consistent with another study conducted in Cote d'Ivoire that assessed age as a continuous variable and was restricted to 18 months of follow-up. 8 Another study used age as a dichotomous variable (<40 or ≥40 years old) and found an association with adverse outcomes within the first year of ART in Southern and West African countries combined. 9 Other studies also reported a relationship between age at ART initiation and the probability of death within a 12-36 months follow-up period. [10] [11] [12] [13] Higher mortality in patients aged >50 or 55 years compared with patients <50 or 55 years, respectively, has also been observed with longer follow-up of 48-60 months. 14, 15 When using age as a dichotomous variable (<50 or ≥50 years old), one study reported a significant higher probability of death in the older age group in the first 12 months after ART initiation whereas no significant difference was observed after this period, suggesting that in older patients, mortality is more likely due to a higher prevalence of non-HIV conditions such as cardiovascular diseases and diabetes. 16 Baseline immunologic status seems to modify the effect of age on mortality since the strongest effect of age was observed among the patients with the lowest CD4 (<50 cells/µL) at ART initiation. 10 In older PLHIV, presentation for care is often late, diagnosis is often delayed, and immune senescence and poorer CD4 immune reconstitution could explain this higher mortality risk.
17-19
Age and lTFU
Patients between 50 and 59 years old experienced lower rates of LTFU compared with the youngest patients. The oldest one (≥60 years) had a trend to having the highest risk of being LTFU. It should be acknowledged that an important part of LTFU could be due to an undernotification of death in this latter group, as the oldest PLHIV have a higher risk of death.
LTFU is a major reason to program losses in large public health HIV programs, as reported in South Africa. 20 In African publications that included HIV patients aged ≥50 years, a lower risk of being LTFU is often described in older patients . 10, 12, 15, [21] [22] [23] [24] However, in a study including HIV patients from the IeDEA collaboration living in low-income countries in three continents, older age was associated with higher LTFU. 25 Moreover, when classifying older age groups into two categories (≥60 and 50-59 years old), a nonsignificant trend of higher risk of being LTFU was observed among the oldest ones. 11 Whereas young patients are more concerned with high mobility and work migration and are often dependent on others, the reasons being LTFU for the oldest might be different. [15] [16] [17] [18] [19] [20] [21] [22] Older patients may not want to impose the financial burden 
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Aging and HIV outcomes in West Africa associated comorbidities, etc.) to their family. 25 Older PLHIV are also more likely to have comorbidities and cognitive decline, reasons which could explain LTFU. 15 Indeed, older patients with cognitive impairment had a 2.5 times greater risk of poor adherence, hence cognitive impairment, which increases with age, influences the commitment of the patient into care, so as polypharmacy. 26, 27 Fear of stigma and discrimination could also explain the higher risk of being LTFU, as for the younger ones. 
Predictors of death and lTFU
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Bernard et al initiation but also in the longer term. 17, 21, [28] [29] [30] The association between advanced disease conditions at ART initiation (low CD4, AIDS stage) and higher probability of death or being LTFU has been largely observed. 10, 11, [15] [16] [17] [31] [32] [33] [34] [35] [36] This seems to be the most important factor associated with LTFU in the oldest group.
In the context of the 90-90-90 objectives, PLHIV might start ART with less advanced HIV disease and thus their outcomes might be less pejorative. However, in practice, older adults are less likely questioned about their sexual practices than younger individuals and therefore might be diagnosed at a more advanced stage. 19, 37 Older patients receiving ART are also at an increased risk of age-associated noncommunicable comorbidities, like cardiovascular diseases, renal diseases, diabetes, cancers, osteoporosis, and neurocognitive impairment, which are often underdiagnosed but could influence treatment outcomes. 5, 6 In this context and the fact that with aging the immune system is less efficient and the immune response under ART is slower, older patients should be identified as a high-risk group needing specific clinical care. 4, 16 The probability of death and LTFU was associated with more recent ART initiation (>2011). This suggests that some clinics, particularly the smaller ones, might have difficulties to face the growing population of patients, to support the needed care for all those patients, and to trace the ones who are LTFU, particularly in the context of the 90-90-90 objectives. This has already been discussed elsewhere but for earlier years of ART initiation (before 2011). 21, 25 This is an important concern, since SSA is unprepared to deal with such an aging population. 38, 39 The risk of a significant burden on the health care systems and human resources needs to be considered.
limitations
The main strength of the present study is the inclusion of multicenter data from 17 different sites from 9 West African countries, with a large sample size, including in the older group.
However, some limitations have to be mentioned. First, data were extracted from routine monitoring, leading to missing data, including for CD4 level, disease stage, viral load, and Hb level. The causes of death were not documented. Second, due to the retrospective nature of our data, information on other factors that can influence the probability of death or LTFU, such as economic status, social support, cognitive impairment, and depression was not available. In addition, ART adherence was not evaluated, and its impact on outcomes could not be investigated. Third, the reasons why patients were LTFU were not systematically collected, leading to an underestimation of the mortality risk and to an overestimation of LTFU, particularly in the oldest groups who are at higher risk of death. Based on a recent meta-analysis, mortality in LTFU African patients in ART programs ranged from 12% to 87%. 40 Finally, even the different ART services operating across West African settings (mostly in urban areas) are well represented in the collaboration, data from rural settings are also needed, thus limiting the generalizability of our results.
Conclusion
The present study emphasizes the importance of the older population in the HIV epidemic in West Africa and the need to adapt care to this key population. Particularly, the oldest HIV patients presented the highest risk of death, and more generally, aging with HIV was associated with poorer outcomes. Instead of considering older PLHIV as a unique group irrespective of their age, it would be interesting to consider differently patients aged 50-59 years old and patients ≥60 years old. Tailored programs focused on improving the outcomes of older HIV patients in SSA are clearly needed, taking into account modifiable predictors and contribute to the achievement of the 90-90-90 objectives.
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